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JODFLHUPRQLWRULQJODQGFRYHUPRQLWRULQJFKDQJHGHWHFWLRQLQODQGXVHVDQGODQGFRYHUVWXG\RIWKHHQYLURQPHQW
YHJHWDWLRQPRQLWRULQJ DQG EXUQHG DUHD GHWHFWLRQ HWF &ODVVLILFDWLRQ RI UHPRWH VHQVLQJ GDWD KDV SRWHQWLDO WR SOD\
FUXFLDOUROHIRUWKHVHDSSOLFDWLRQV7KHUHIRUHLWLVUHTXLUHPHQWWRGHYHORSHIILFLHQWFODVVLILFDWLRQWHFKQLTXHVIRUWKH
UHPRWHVHQVLQJGDWD&ODVVLILFDWLRQRIUHPRWHVHQVLQJLPDJHVIDFHVPDQ\FKDOOHQJHVGXHWRODUJHGDWDVL]HPXOWLFODVV
H[LVWHQFH KLJK GLPHQVLRQDOLW\ QRLV\ GDWD VSDWLDO UHODWLRQVKLS GLIIHUHQW VFDOHV RI UHVROXWLRQV OLPLWHG QXPEHU RI
ODEHOHGGDWDHWF0DQ\VXSHUYLVHGWHFKQLTXHVKDYHEHHQDSSOLHGIRUWKHFODVVLILFDWLRQRIUHPRWHVHQVLQJLPDJHOLNH
VXSSRUW YHFWRU PDFKLQH >@ QHXUDO QHWZRUNV >@ GHFLVLRQ WUHH >@ DQG PD[LPXP OLNHO\ KRRG >@ HWF 7KHVH
VXSHUYLVHG WHFKQLTXHV UHTXLUH ODUJHDPRXQWRI WUDLQLQJVDPSOHVEXWRQHRI WKHPDMRUSUREOHPV LQ UHPRWH VHQVLQJ
DUHDLVDYDLODELOLW\RIODEHOHGGDWD,WLVYHU\H[SHQVLYHKDUGDQGWLPHVFRQVXPLQJWRFROOHFWODEHOHGGDWDLQUHPRWH
VHQVLQJ DUHD 7R VROYH WKH SUREOHP RI WKH OLPLWHG ODEHOHG GDWD PDQ\ VHPLVXSHUYLVHG WHFKQLTXHV KDYH EHHQ
GHYHORSHG OLNH VHPLVXSHUYLVHG FOXVWHULQJ VHPLVXSHUYLVHG QHXUDO QHWZRUN VHPLVXSHUYLVHG VXSSRUW YHFWRU
PDFKLQH JUDSK EDVHG VHPLVXSHUYLVHG WHFKQLTXHV VHOIODEHOHG WHFKQLTXHV DQG HWF >@7KHVH VHPLVXSHUYLVHG
WHFKQLTXHVKDYHEHHQDSSOLHGLQGLIIHUHQWZD\IRUWKHFODVVLILFDWLRQRIUHPRWHVHQVLQJLPDJHV&OXVWHULQJWHFKQLTXHV
KDYHEHHQXVHG LQPDQ\ZD\V WR LQFOXGH OLPLWHG ODEHOHGVDPSOHV IRU WKH VHPLVXSHUYLVHGFODVVLILFDWLRQRI UHPRWH
VHQVLQJ LPDJHV >@7KHREMHFWLYH IXQFWLRQRI VXSSRUWYHFWRUPDFKLQHKDVEHHQPRGLILHG WRXVH LQIRUPDWLRQRI
XQODEHOHG GDWD IRU WKH VHPLVXSHUYLVHG FODVVLILFDWLRQ RI UHPRWH VDQVLQJ LPDJHV >@ 7KH REMHFWLYH IXQFWLRQ RI
QHXUDOQHWZRUNKDVEHHQDOVRPRGLILHGIRUWKHVHPLVXSHUYLVHGFODVVLILFDWLRQRIUHPRWHVHQVLQJLPDJHVLQGLIIHUHQW
ZD\V >@  7KH PDLQ SUREOHP RI WKHVH PRGLILFDWLRQV LV WKDW LW PDNHV WKH REMHFWLYH IXQFWLRQV DV QRQFRQYH[
RSWLPL]DWLRQ SUREOHP *UDSKEDVHG WHFKQLTXHV KDYH EHHQ DSSOLHG LQ PDQ\ ZD\V IRU WKH VHPLVXSHUYLVHG
FODVVLILFDWLRQ RI UHPRWH VHQVLQJ LPDJHV >@ 2QH RI WKH EDVLF SUREOHPV ZLWK JUDSK EDVHG VHPLVXSHUYLVHG
WHFKQLTXHV LV WKHLU WUDQVGXFWLYH QDWXUH ,W UHTXLUHV DOO XQODEHOHG VDPSOHV UHTXLUHG LQ WUDLQLQJ WLPH DQG LW IDFH
GLIILFXOWLHV WR SUHGLFW IXWXUH VDPSOHV $ JRRG VXUYH\ LV SUHVHQWHG E\ &ODXGLR HW DO LQ >@ RQ VHPLVXSHUYLVHG
WHFKQLTXHVWKDWKDYHEHHQVXFFHVVIXOO\H[SORUHGIRUWKHFODVVLILFDWLRQRIUHPRWHVHQVLQJLPDJHV
2Q WKH RWKHU KDQG WKH VHOIODEHOHG WHFKQLTXHV VHOIOHDUQLQJ FRWUDLQLQJ PXOWLYLHZ VHPLVXSHUYLVHG DUH WKH
ZUDSSHUPRGHOLQZKLFKDQ\WUDGLWLRQDOFODVVLILHUFDQEHLQWHJUDWHGZLWKRXWPRGLILFDWLRQVRIWKHLUREMHFWLYHIXQFWLRQV
>@ 6HOIOHDUQLQJ LV WKH EDVLF VHOIODEHOHG VHPLVXSHUYLVHG WHFKQLTXH LQ ZKLFK D FODVVLILHU LV WUDLQHG LQ LWHUDWLYH
PDQQHU5HFHQWO\ D VHOIOHDUQLQJ WHFKQLTXHZLWK FOXVWHULQJ KDV EHHQ SURSRVHG E\+DLWDR HW DO >@ IRU WKH VHPL
VXSHUYLVHGFODVVLILFDWLRQZKLFKVHOHFWV WKHFRQILGHQW VDPSOHVZLWK WKHKHOSRIFOXVWHULQJDQG FODVVLILHUERWK 7KLV
WHFKQLTXHKDVEHHQH[SORUHGIRUWKHVHPLVXSHUYLVHGFODVVLILFDWLRQRIWKHUHPRWHVHQVLQJLPDJHVE\3UHPHWDOLQWKH
SDSHU>@7KHPDLQSUREOHPRI WKLV WHFKQLTXH LV WKDW LWRQO\FRQVLGHUV WKHPRVWFRQILGHQWVDPSOHV7KHVHOHFWHG
VDPSOHV E\ WKLV WHFKQLTXH PD\ EH FRQILGHQW EXW QRW LQIRUPDWLYH WKDW¶V ZK\ LW PD\ QRW DEOH WR LPSURYH WKH
GLVFULPLQDWLYHFDSDELOLW\RIWKHFODVVLILHUV,QWKLVSDSHUZHKDYHPRGLILHGWKHVDPSOHVHOHFWLRQVWUDWHJ\WKDWVHOHFWV
LQIRUPDWLYHDVZHOODVFRQILGHQW VDPSOHV7KHH[SHULPHQWVKDYH EHHQSHUIRUPHGZLWKSUREDELOLVWLF VXSSRUWYHFWRU
PDFKLQH>@DVVXSHUYLVHGFODVVLILHUDQGVHPLVXSHUYLVHGIX]]\FPHDQV>@DVFOXVWHULQJWHFKQLTXH
5HVW RI WKH SDSHU LV RUJDQL]HG DV IROORZV 6HFWLRQ  GHVFULEHV WKH VHOIOHDUQLQJ WHFKQLTXH VHOIOHDUQLQJ ZLWK
FOXVWHULQJ DQGPRGLILHG VHOIOHDUQLQJZLWK FOXVWHULQJ6HFWLRQSUHVHQWV WKH H[SHULPHQWDO UHVXOWV DQG LWV DQDO\VLV
6HFWLRQGHVFULEHVWKHFRQFOXVLRQDQGIXWXUHZRUN
6HPL6XSHUYLVHG&ODVVLILFDWLRQZLWK6HOI/HDUQLQJ
,QPDQ\DUHDVLWLVYHU\KDUGWRJHWODEHOHGVDPSOHVWRWUDLQWKHFODVVLILHUV6HPLVXSHUYLVHGWHFKQLTXHVDUHWKHZD\
WRFRPELQHODEHOHGGDWDDQGXQODEHOHGWROHDUQDFODVVLILHU6HOIODEHOHGVHPLVXSHUYLVHGWHFKQLTXHVDUHXVHGWRWUDLQ
VXSHUYLVHGFODVVLILHUZLWKIHZODEHOHGGDWDZLWKFRPELQDWLRQRIXQODEHOHGGDWDSRROLQPDQ\LWHUDWLRQV6HOIOHDUQLQJ
LVDVHOIODEHOHGVHPLVXSHUYLVHGWHFKQLTXHLQZKLFKDVXSHUYLVHGFODVVLILHULVWUDLQHGZLWKIHZODEHOHGDQGDSRRORI
XQODEHOHGGDWD>@
/HW[LLVWKHGGLPHQVLRQYHFWRU[L[L«[LGLQZKLFKHDFK[LGGHQRWHWKHYDOXHRIGWKIHDWXUH/HW/LVWKHVPDOOVHWRI
QODEHOHGVDPSOHVLQZKLFKHDFKVDPSOH[LEHORQJWRDSDUWLFXODUFODVVF/HW8EHWKHVHWRIKXQODEHOHGVDPSOHVLH
WKHFODVVODEHORIHDFK[L8LVXQNQRZQ$OVROHWWKHVL]HRIVHW8EHODUJHLQFRPSDULVRQWRWKHVL]HRI//HWIL
_/GHQRWHWKHWUDLQHGFODVVLILHUDWLWKLWHUDWLRQZLWKODEHOHGGDWD/DQGLVWKHOHDQHGSDUDPHWHUVRIWKHFODVVLILHU
,QVHOIOHDUQLQJPHWKRGDOHDUQLQJIXQFWLRQILVXVHGWRWUDLQHGLQDQLWHUDWLYHPDQQHUXVLQJWKHWUDLQLQJVDPSOHV
IURP/DQG8,QLWLDOO\WKHFODVVLILHULVWUDLQHGZLWKLQLWLDOODEHOHGVHW/DQGWUDLQHGFODVVLILHUIL_/LVXVHGWRSUHGLFW
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HDFKVDPSOH[LIURPXQODEHOHGGDWDVHW$VHWRIVDPSOHV78 LVVHOHFWHGZKLFKFRQWDLQ WPRVWFRQILGHQWVDPSOHV
IURP HDFK FODVV 7KH GDWD VHW / LV XSGDWHG DV / /7 IRU WUDLQLQJ LQ WKH VXEVHTXHQW LWHUDWLRQ 7KLV PHWKRG LV
FRQWLQXHGWLOODPD[LPXPLWHUDWLRQRUQRFKDQJHLQWKHSHUIRUPDQFHRIWKHPRGHO LVREVHUYHG,QDQLGHDOFDVHLWLV
DVVXPHGWKDWWKHHUURUSURGXFHGE\PRGHOIL_/VKRXOGEHOHVVWKDQIL_/
7KHPHWKRGLVVXPPDUL]HGLQ$OJRULWKP

$OJRULWKP6HOI/HDUQLQJ
,QSXW$FODVVLILHUIDVPDOOVHWRIODEHOHGGDWD/8QODEHOHGGDWDSRRO8PD[LWHUDWLRQ1XPEHURIFODVVHV¶N
2XWSXW$WUDLQHGFODVVLILHUI
0HWKRG
 *HWDWUDLQHGFODVVLHUIZLWKLQLWLDOVPDOOODEHOHGGDWD/
5HSHDW
 $SSO\WUDLQHGFODVVLILHUIWRFODVVLI\XQODEHOHGGDWDSRRO8
 *HWWPRVWFRQILGHQWFODVVLILHGIURPHDFKFODVVRIXQODEHOHGGDWD8
 $GG NW ȁܶȁ VDPSOHV WR ODEHOHG GDWD SRRO ܮ ൌ ܮ ׫ ܶ DQG GLVFDUG WKRVH NW ȁܶȁ VDPSOHV IURP
XQODEHOHGSRROܷ ൌ ܷ െ ܶ
 7UDLQVXSHUYLVHGFODVVLILHUIZLWKQHZXSGDWHGODEHOHGGDWD/
8QWLOPD[LWHUDWLRQRU8  
 5HWXUQWKHWUDLQHGVXSHUYLVHGFODVVLILHUI

6HOI/HDUQLQJZLWK&OXVWHULQJ

'XHWRVPDOOQXPEHURIWUDLQLQJVDPSOHVWKHUHLVSRVVLELOLW\WKDWWKHWUDGLWLRQDOVHOIOHDUQLQJZLOOQRWDEOHWRFDSWXUH
DFWXDOFODVVGLVWULEXWLRQRUVWUXFWXUHSUHVHQWVLQWKHGDWDVHWV,WLVDVVXPHGWKDWWKHFOXVWHULQJWHFKQLTXHVDUHFDSDEOH
WRH[WUDFW WKHKLGGHQVWUXFWXUHVSUHVHQW LQGDWD VHW WKURXJKXQODEHOHGVDPSOHV+DLWDRHWDO >@KDYHSURSRVHGD
WHFKQLTXHWKDWWDNHVKHOSRIVHPLVXSHUYLVHGIX]]\FPHDQVWRWUDLQDVXSHUYLVHGFODVVLILHULQVHOIOHDUQLQJIDVKLRQ
7KLV WHFKQLTXH VHOHFWV WKHPRVW FRQILGHQW VDPSOHVZLWK KHOS RI ERWK FOXVWHULQJ DQG FODVVLILFDWLRQ WHFKQLTXH 7KH
SURFHGXUHLVVXPPDUL]HGLQ$OJRULWKP

$OJRULWKP6HOI/HDUQLQJZLWK&OXVWHULQJ
,QSXW$VXSHUYLVHGFODVVLILHUI6HPLVXSHUYLVHGFOXVWHULQJWHFKQLTXHGVPDOOVHWRIODEHOHGGDWD/8QODEHOHGGDWD
SRRO8PD[LWHUDWLRQ1XPEHURIFODVVHV¶N
2XWSXW$WUDLQHGFODVVLILHUI
0HWKRG
 *HWDWUDLQHGFODVVLHUIZLWKLQLWLDOVPDOOODEHOHGGDWD/
 $SSO\FOXVWHULQJWHFKQLTXHGRQWKHVHWRIXQODEHOHG8DQGODEHOHGGDWD/
5HSHDW
 2EWDLQPVDPSOHVIURPHDFKFOXVWHUKDYLQJKLJKHVWPHPEHUVKLSYDOXHDQGSXWLQWRFDQGLGDWHVHW*L
 &ODVVLI\WKHFDQGLGDWHVHW*LVDPSOHVRIHDFKFODVVZLWKFODVVLILHUI
 2EWDLQWVDPSOHIURPFDQGLGDWHVHW*LKDYLQJKLJKHVWSUREDELOLW\݌௜௝ 
 $GGWVDPSOHVIURPHDFKFODVVNW ȁܶȁWRODEHOHGGDWDSRROܮ ൌ ܮ ׫ ܶ
 'LVFDUGWKRVHNW ȁܶȁሻVDPSOHVIURPXQODEHOHGSRROܷ ൌ ܷ െ ܶሻ
 7UDLQVXSHUYLVHGFODVVLILHUIZLWKQHZXSGDWHGODEHOHGGDWD/
 $SSO\FOXVWHULQJWHFKQLTXHGRQWKHXSGDWHGVHWRIXQODEHOHG8DQGODEHOHGGDWD/
8QWLOPD[LWHUDWLRQRU8  
 5HWXUQWKHWUDLQHGFODVVLILHUI

0RGLILHG6HOI/HDUQLQJZLWK&OXVWHULQJ

7KH VHOIOHDUQLQJ WHFKQLTXH ZLWK FOXVWHULQJ DV GLVFXVVHG DERYH FRQVLGHUV RQO\ WKH PRVW FRQILGHQW VDPSOHV 7R
LPSURYHGLVFULPLQDWLYHFDSDELOLW\RIWKHFODVVLILHULWDOVRUHTXLUHVLQIRUPDWLYHVDPSOHV7KHVDPSOHVFODVVLILHGZLWK
KLJKHVWSUREDELOLW\LQHDFKFODVVDUHFDOOHGWKHPRVWFRQILGHQWVDPSOHV2QRWKHUKDQGWKHVDPSOHV FODVVLILHGZLWK
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ORZHVWSUREDELOLW\LQHDFKFODVVDUHFDOOHGLQIRUPDWLYHVDPSOHV7KHQDWXUHVRIFRQILGHQWDQGLQIRUPDWLYHVDPSOHV
DUHWKHFRQIOLFWLQJ,GHDOO\ZHUHTXLUHPRVWLQIRUPDWLYHVDPSOHVWRWUDLQDFODVVLILHUEXWLQVHOIOHDUQLQJIUDPHZRUN
LIZH VHOHFWPRVW LQIRUPDWLYH VDPSOHV WKHSUREDELOLW\RIPLVFODVVLILFDWLRQZLOO EH LQFUHDVH6R WKHUH LV D QHHGRI
WUDGHRII EHWZHHQPRVW FRQILGHQW DQGPRVW LQIRUPDWLYH FULWHULD$ WKUHVKROG FDQ EH FKRVHQZLWKLQ WKH LQWHUYDO RI
PD[LPXPSUREDELOLW\DQGPLQLPXPSUREDELOLW\RIDSDUWLFXODUFODVV7KHPQHDUHVWVDPSOHVKDYLQJWKHSUREDELOLW\
JUHDWHU WKDQ RU HTXDO WR WKUHVKROG FDQ EH VHOHFWHG IRU WKH FDQGLGDWH VHW*L ,Q SURSRVHGPHWKRG WKH WKUHVKROG LV
FDOFXODWHGE\WKHPHDQRISUREDELOLW\DFTXLUHGE\HDFKVDPSOHVLQHDFKFODVVDQGLWLVXSGDWHGLQHYHU\LWHUDWLRQ

݌௜ሺ௠௜௡ሻ ൑ ݌௜ሺ௧௛ሻ ൑ ݌௜ሺ௠௔௫ሻ

݌௜ሺ௧௛ሻ ൌ
σ ௣೔ೕ
೙
ೕసభ
௡೔


ZKHUH݌௜௝ LV WKH SUREDELOLW\ RI M
K VDPSOH ZLWK LWK FODVV ݌௜ሺ௠௜௡ሻ GHQRWHV PLQLPXP SUREDELOLW\ REWDLQHG LQ WKDW
SDUWLFXODUFODVV݌௜ሺ௧௛ሻGHQRWHV WKUHVKROG LQSDUWLFXODUFODVV݌௜ሺ௠௔௫ሻGHQRWHVPD[LPXPSUREDELOLW\RI L
WK FODVVQL LV
QXPEHURIVDPSOHVSUHGLFWHGZLWKLWKFODVV

:KHQHYHUZHPRYHIURPPD[LPXPSUREDELOLW\WRPLQLPXPSUREDELOLW\WKHPLVFODVVLILFDWLRQUDWHLQFUHDVHV7KDW¶V
ZK\ WKHUH PD\ EH SRVVLELOLW\ WKDW FDQGLGDWH VHW*LDUH PLVFODVVLILHG 7R LQFUHDVH WKH FRQILGHQFH RI WKH VHOHFWHG
VDPSOHVRQO\IHZVDPSOHVIURPFDQGLGDWHVDPSOHV*LZLOOEHVHOHFWHGIRUQH[WLWHUDWLRQODEHOHGGDWDSRROWKRVHKDYH
KLJKHVWPHPEHUVKLSYDOXHREWDLQHGWKURXJKFOXVWHULQJWHFKQLTXH7KHZKROHSURGXFHLVVXPPDUL]HGLQ$OJRULWKP

$OJRULWKP0RGLILHG6HOI/HDUQLQJZLWK&OXVWHULQJ
,QSXW$VXSHUYLVHGFODVVLILHUI6HPLVXSHUYLVHGFOXVWHULQJWHFKQLTXHGVPDOOVHWRIODEHOHGGDWD/8QODEHOHGGDWD
SRRO8PD[LWHUDWLRQ1XPEHURIFODVVHV¶N
2XWSXW$WUDLQHGFODVVLILHUI
0HWKRG
 *HWDWUDLQHGFODVVLHUIZLWKLQLWLDOVPDOOODEHOHGGDWDVHW/
 $SSO\FOXVWHULQJWHFKQLTXHGRQWKHVHWRIXQODEHOHG8DQGODEHOHGGDWD/
5HSHDW
 $SSO\WUDLQHGFODVVLILHUIWRFODVVLI\XQODEHOHGGDWDSRRO8
 2EWDLQWKHWKUHVKROG݌௜ሺ௧௛ሻIRUHDFKFODVVXVLQJHTXDWLRQ
 *HWWKHPQHDUHVWQHLJKERUVKDYLQJSUREDELOLW\JUHDWHUWKDQHTXDOWR݌௜ሺ௧௛ሻIURPHDFKFODVVDQGSXWLQWR
FDQGLGDWHVHW*L
 2EWDLQWVDPSOHIURPFDQGLGDWHVHW*LKDYLQJKLJKHVWPHPEHUVKLSYDOXHߤ௜௝E\FOXVWHULQJWHFKQLTXHG
 $GGWVDPSOHVIURPHDFKFODVVNW ȁܶȁWRODEHOHGGDWDSRROܮ ൌ ܮ ׫ ܶ
 'LVFDUGWKRVHNW ȁܶȁሻVDPSOHVIURPXQODEHOHGSRROܷ ൌ ܷ െ ܶሻ
 7UDLQVXSHUYLVHGFODVVLILHUIZLWKQHZXSGDWHGODEHOHGGDWD/
 $SSO\FOXVWHULQJWHFKQLTXHGRQWKHXSGDWHGVHWRIXQODEHOHG8DQGODEHOHGGDWD/
8QWLOPD[LWHUDWLRQRU8  
 5HWXUQWKHWUDLQHGFODVVLILHUI
([SHULPHQWDO5HVXOWVDQG$QDO\VLV
7RVKRZWKHHIIHFWLYHQHVVRI WKHSURSRVHG WHFKQLTXH WKHH[SHULPHQWVKDYHEHHQSHUIRUPHGRQ WKH WZRSXEOLFDOO\
DYDLODEOH UHPRWHO\ VHQVHG LPDJHV NQRZQ DV 6DOLQDV )LJ D DQG .6& )LJ E 7KH GDWD VHWV DUH SXEOLFDOO\
DYDLODEOHIRUWKHUHVHDUFKSXUSRVHV6HPLVXSHUYLVHGIX]]\FPHDQV6)&0KDVEHHQXVHGDVFOXVWHULQJWHFKQLTXH
DQGOLQHDUSUREDELOLVWLFVXSSRUWYHFWRUPDFKLQH69&ZLWKRQHDJDLQVWDOOPHWKRGRORJ\KDVEHHQXVHGDVVXSHUYLVHG
FODVVLILHU ,Q WKH H[SHULPHQW VHOIOHDUQLQJ IUDPHZRUN LV DEEUHYLDWHG DV 669& VHOIOHDUQLQJ ZLWK FOXVWHULQJ LV
DEEUHYLDWHGDV669&B6)&0DQGPRGLILHGVHOIOHDUQLQJZLWKFOXVWHULQJLVGHQRWHGDV0669&B6)&07KHRYHUDOO
FODVVLILFDWLRQDFFXUDF\2$DQGNDSSDFRHIILFLHQWKDYHEHHQHVWLPDWHGWRYHULI\WKHHIILFLHQF\RIWKHWHFKQLTXHV

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)LJD6DOLQDV,PDJHE.6&,PDJH

7DEOH6DOLQDV2YHUDOO&ODVVLILFDWLRQ$FFXUDF\DQG.DSSDFRHIILFLHQWZLWKWHQUDQGRPO\VHWRI'DWD

'DWDVHWV 69& 669& 669&B6)&0 0669&B6)&0
2$ .DSSD 2$ .DSSD 2$ .DSSD 2$ .DSSD
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
6DOLQDV'DWDVHW

,WLVDK\SHUVSHFWUDOUHPRWHVHQVLQJLPDJHFRQWDLQLQJVSHFWUDOEDQGVDQGVSDWLDOUHVROXWLRQRIPHWHUSHUSL[HO
)LJD7KHH[SHULPHQWZDVSHUIRUPHGRQODQGFRYHUFODVVHVRIWKLVGDWDVHW7HQUDQGRPO\VHWRIWKHODEHOHG
DQGXQODEHOHGSL[HOVKDYHEHHQFKRVHQIRU WKHH[SHULPHQWV(DFKRI WKH UDQGRPVHWFRQWDLQV ODEHOHGVDPSOHV
IURPHDFKFODVVDQGXQODEHOHGVDPSOHV7KHH[SHULPHQWVZLWKHDFKWHFKQLTXHKDYHEHHQSHUIRUPHGIRUWHQ
LWHUDWLRQV7KH DFFXUDF\ DQG NDSSD FRHIILFLHQW REWDLQHG IURP HDFK WHFKQLTXH LQ ILQDO LWHUDWLRQ IURP DOO UDQGRPO\
VHOHFWHGGDWDVHWVKDYHEHHQSUHVHQWHGLQ7DEOH7KHDYHUDJHHUURURI669&669&B6)&0DQG0669&B6)&0
IRU DOOLWHUDWLRQ LV VKRZQ LQ ILJXUH 7KH JUDSK VKRZQ LQ WKH ILJXUH VKRZ WKDW DYHUDJH HUURU LV UHGXFLQJ LQ HDFK
LWHUDWLRQZLWKDOOWKUHHWHFKQLTXHV669&669&B6)&00669&B6)&07KHDQDO\VLVRIWKHJUDSKVKRZVWKDW
HUURUUHGXFWLRQUDWHRISURSRVHGWHFKQLTXH0669&B6)&0LVKLJKHUWKDQ669&DQG669&B6)&07KHDYHUDJH
DFFXUDF\DFKLHYHGE\0669&B6)&0LVEHWWHUWKDQ669&DQG669&B6)&0ERWK
7KHRYHUDOODYHUDJHDFFXUDF\REWDLQHGE\69&LVRQO\ZKLFKLVOHVVHUWKDQ669&OHVVHU
WKDQ669&B6)&0DQG OHVVHUWKDQSURSRVHGWHFKQLTXH0669&B6)&07KHNDSSDFRHIILFLHQWDFKLHYHG
E\ SURSRVHG WHFKQLTXH 0669&B 6)&0  LV EHWWHU RWKHU WHFKQLTXHV 69&  669&  DQG
669&B6)&07KHH[SHULPHQWDOUHVXOWVDQGLWVDQDO\VLVVKRZWKDWWKHSURSRVHGWHFKQLTXHKDVSHUIRUPHG
EHWWHUWKDQRWKHUWUDGLWLRQDOVHOIOHDUQLQJVHPLVXSHUYLVHGWHFKQLTXHV
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
)LJ6DOLQDV'DWD2YHUDOODOO$YHUDJH(UURUZLWK,WHUDWLRQ


7DEOH.6&2YHUDOO&ODVVLILFDWLRQ$FFXUDF\DQG.DSSD&RHIILFLHQWZLWKWHQUDQGRPO\VHWRI'DWD

'DWD
6HWV
69& 669& 669&B6)&0 0669&B6)&0
2$ .DSSD 2$ .DSSD 2$ .DSSD 2$ .DSSD
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

.6&'DWD6HW

7KLVK\SHUVSHFWUDOLPDJHLVDFTXLUHGE\1$6$$9,5,6RYHUWKH.HQQHG\6SDFH&HQWHU)ORULGD86$)LJE
7KH VSHFWUDO UHVROXWLRQ RI WKLV GDWD VHW LV  DQG VSDWLDO UHVROXWLRQ LV  PHWHU SHU SL[HO 7KH H[SHULPHQW ZDV
SHUIRUPHGRQFODVVHVRIGDWDVHWV7HQUDQGRPO\VHWRIWKHODEHOHGDQGXQODEHOHGVDPSOHVKDYHEHHQVHOHFWHGIRU
WKHH[SHULPHQW(DFKUDQGRPVHWFRQWDLQODEHOHGVDPSOHVIURPHDFKFODVVDQGXQODEHOHGVDPSOHV7KH
H[SHULPHQWVZLWKHDFKWHFKQLTXHKDYHEHHQSHUIRUPHGIRUWHQLWHUDWLRQV
7KH RYHUDOO FODVVLILFDWLRQ HUURU DFTXLUH E\ HDFK WHFKQLTXH LQ LWHUDWLRQ KDYH VKRZQ LQ WKH ILJXUH  7KH RYHUDOO
DYHUDJH FODVVLILFDWLRQ DFFXUDF\ ZLWK NDSSD FRHIILFLHQW RI WKH WHQWK LWHUDWLRQ IURP UDQGRPO\ VHOHFWHG GDWD VHWV LV
VKRZQLQWDEOH7KHDQDO\VLVRIWKHJUDSKVVKRZQLQWKHILJXUHLQGLFDWHVWKDW0669&B6)&0KDYHORZDYHUDJH
HUURUWKDQ669&DQG669&B6)&0LQLWVDOOLWHUDWLRQ7KHRYHUDOODYHUDJHDFFXUDF\DFKLHYHGE\0669&B6)&0
LVEHWWHUWKDQERWKWHFKQLTXHV669&DQG669&B6)&07KHRYHUDOODYHUDJHDFFXUDF\
DFKLHYHGE\0669&B6)&0LVDOPRVWJUHDWHUWKDQ669&B6)&07KHDYHUDJHNDSSDFRHIILFLHQWDFKLHYHGE\
SURSRVHG WHFKQLTXH0669&B6)&0 LVEHWWHU WKDQ69&669&DQG669&B6)&0
)URPDERYHH[SHULPHQWDOUHVXOWVDQGDQDO\VLVLWFDQEHREVHUYHGWKDWSURSRVHGVHPLVXSHUYLVHGWHFKQLTXH
SHUIRUPHGEHWWHUWKDQRWKHUWUDGLWLRQDOWHFKQLTXHV
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)LJ.6&'DWD2YHUDOODOO$YHUDJH(UURUZLWK,WHUDWLRQ 
&RQFOXVLRQ
,Q WKLV SDSHU D PRGLILHG VHOIOHDUQLQJ ZLWK FOXVWHULQJ VHPLVXSHUYLVHG WHFKQLTXH KDV EHHQ SURSRVHG IRU WKH
FODVVLILFDWLRQ RI UHPRWH VHQVLQJ LPDJHV 7KH H[SHULPHQWDO UHVXOWV ZLWK VHPLVXSHUYLVHG IX]]\ FPHDQV DQG
SUREDELOLVWLFVXSSRUWYHFWRUPDFKLQHVKRZWKDWWKHSURSRVHGWHFKQLTXHFDQDFKLHYHJRRGFODVVLILFDWLRQDFFXUDF\WKDQ
WUDGLWLRQDOVHOIOHDUQLQJDQGVHOIOHDUQLQJZLWKFOXVWHULQJ7KHSURSRVHG WHFKQLTXH LVZUDSSHUPRGHO LQZKLFKDQ\
FODVVLILHUDQGFOXVWHULQJFDQEH LQWHJUDWHG$OWKRXJKHIIHFWLYHQHVVRISURSRVHG WHFKQLTXHKDYHEHHQVKRZQRQ WKH
UHPRWHVHQVLQJGDWDEXWLWLVDSSOLFDEOHWRDQ\DUHDIRUVHPLVXSHUYLVHGFODVVLILFDWLRQ,QWKHSURSRVHGWHFKQLTXHLWLV
DVVXPHGWKDWQXPEHUVRIFOXVWHUVDUHHTXDOWRQXPEHURIFODVVHV)RUIXWXUHZRUNWKLVWHFKQLTXHFDQEHPRGLILHGE\
WDNLQJQXPEHURIFOXVWHUPRUHWKDQQXPEHURIFODVVHVWRH[WUDFWJUDQXOHVZLVHVWUXFWXUHSUHVHQWLQGDWDVHWV
  
5HIHUHQFHV
 0HOJDQL)DULGDQG/RUHQ]R%UX]]RQH&ODVVLILFDWLRQRIK\SHUVSHFWUDO UHPRWHVHQVLQJ LPDJHVZLWK VXSSRUWYHFWRUPDFKLQHV ,(((
7UDQVDFWLRQVRQ*HRVFLHQFHDQG5HPRWH6HQVLQJQR
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